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Abstract
Solar irradiation is a green and sustainable renewable energy source which is largely harnessed through
photovoltaic and thermal cell surfaces. It is one of the fastest growing clean power technologies with
high-global growth figures, due to its simplicity, affordability and abundant availability. Solar power sys-
tems is one of the fastest growing interventions augmenting fossil power and its application is now
expanding beyond domestic utilization to commercial and industrial dependence. Due to continuous
change in the position of the sun together with other salient factors, only a fraction of the suns energy
potential is harnessed. The paper is focused on sharing an optimization option that has effectively
addressed a major gap experienced in conventional solar power system installation as applicable to light
emitting diodes traffic light systems. The continuous movement of the sun limits maximum sun light
irradiation absorption and solar trackers are practical solutions to this drawback. The high cost of solar
trackers has however been the major limitation to their adoption. The Introduction of microcontroller-
based solar tracking systems using Arduino board was found to be cost effective, and it improved the
efficiency of the solar cells significantly. In the study, the maximum power point tracking algorithm was
designed and developed using multiple-axis servo-motor feedback tracking system, which increased the
efficiency of the solar panel array by 23.95%.
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1 INTRODUCTION
Electricity generation through solar power is widely used for
industrial, commercial and domestic purposes. According to
Gomathy et al. [1], ‘Government, industry and independent
analysis have clearly established that cost-effective mechanisms
that have the potential of boosting energy efficiency could
reduce electricity use by 27–75% of total national use within
10–20 years of solution implementation without impacting
quality of life or manufacturing output’. Solar energy systems
are cost-effective energy efficient systems, and they have the
advantage of zero harmful gas emissions. They are free of daily
running cost compared to fossil powered energy systems,
because the suns energy is simply absorbed by photovoltaic
(PV) and thermal solar systems [2]. The only waste linked to
solar energy systems is the e-waste during the disposal phase
after the life cycle of its components. However, e-waste is not
peculiar to solar systems alone and this cannot be avoided in
the current dispensation because almost every system existing
today is dependent on electronics. This research deals with
power systems supplying power to light emitting diodes (LED)
in a typical traffic light system. The topic is useful because load
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shedding and continuous load balancing of the main grid
power supply system is negatively impacting power supply to
traffic light systems within the region where this research was
carried out. Power failure in this traffic systems lead to long
vehicular queues which end up in commotion whenever power
supply is not restored quickly.
The use of renewable energy sources as alternative to fossil
fuel is continually increasing due to the consciousness for
greener environment fueled by environmental sustainability
drives. Government incentives promoting cleaner energy, and
rising global prices of fossil fuels is continually increasing the
prominence of greener power supply thereby contributing to
solar energy demand. Solar energy is free but the process of
absorbing the energy requires optimization due to losses experi-
enced in solar PV and thermal absorbers. Excessive heat on the
solar panels and poor orientation of the panels per time have
been identified as the two most contributory factor to poor effi-
ciency of solar absorbers. The maximum power point (MPP)
varies with solar insolation and seasons, and absorbing max-
imum solar irradiation is imperative for an efficient system [2,
3]. Numerous studies have been conducted to develop methods
of enhancing efficiency of PV cells. Generally, increasing the
number of cells within an array is the quickest method often
considered when energy demand increases. However, the use of
solar tracking algorithm enables more energy to be generated
by the solar panel without increasing the number of cells in an
array (Won et al., 2006:1048). This is so because solar trackers
can be designed to maintain perpendicular profile to the sun’s
rays whenever there is day light [4, 5]. In 2012, Eke and
Sentruk of Turkey found that, solar tracker improved power
generated by solar cells by 30%. Huang and Sun proved that
single-axis solar tracking system increased power output of
solar panel by 56% [6]. According to Ghosh and Haldar, the
use of solar tracking system can increase the output of solar
systems by estimated percentages as high as 60 % [7]. At par-
ticular solar insolation levels, there is a unique operating point
of the PV generator wherein the power output will be max-
imum. It is important to match PV power output of solar gen-
erators with the load, such that the equilibrium operating point
coincides with the MPP of the PV source [3]. To overcome this
problem, multiple-axis solar tracking system need to be
deployed to obtain maximum power obtainable by the solar
cells. In 2013, Bawa and Patil used buck dc to dc converter to
improve MPP Tracking [8]. According to Eldin’s works on geo-
graphical studies, the sun move from East to West [4].
However, the design of solar tracking system is required to
move on a multiple-axis that can achieve continuous change of
direction throughout the daytime as the position of the sun
changes not only East–West but with angular variations in
orientation such as East–West. Senpinar and Cebeci (2012:684)
concluded that, two-axis solar tracking systems are the most
effective due to the advantage of maintaining constant position
to sun without being affected by cloud or other environmental
conditions. The tracker must be able to fulfill East–West, and
North–South direction changes.
The study involved the development of a low-cost microcon-
troller multi-axis solar tracking system using Arduino board.
From literature review [9–11] and market findings in the early
stages of the research, the two options available for low cost-
effective tracking devices were Arduino and Rasberry pi.
Arduino board is quite similar to Raspberry pi due to their cost
effectiveness. An Arduino is a microcontroller motherboard
which is simply a small computer that can run one program at
a time, whereas the raspberry pi runs multiple programs and
are more complicated to use than Arduino. The poor adoption
of solar tracking devices have been largely linked to the place-
ment location and the high cost of purchasing solar tracking
units. As such, a major objective of the study was to improve
solar PV array efficiency at low cost. The focus of this paper is
to discuss the approach that was adopted for improving effi-
ciency of solar panel array as tested on LED traffic light system.
1.1 Photovoltaic cell efficiency with changing solar
irradiation
During the daytime, there is big variation in the power deliv-
ered by solar cells most especially in the first 6 h and the last
5 h of the day [12]. The sun constantly moves from East to
West on daily basis, of which 180 degrees is day and the other
180 degrees is night [13]. As stated by Laurentiu in 2006, the
fixed orientation solar panel can only see about 75 degrees of
the sun motion, of which only 25% of the solar energy is har-
nessed, and 75% of the energy is lost [14].
According to the graph of local solar time shown in
Figure 1, there is gradual increase in solar insolation from
06:00 h to 12:00 h and decline from 12:00 h to ~19:00 h.
2 SOLAR TRACKING DEVICES
Solar tracking devices enable PV cells to absorb maximum radi-
ant energy from the sun. Through the absorption of maximum
sun light, MPP of solar cells will be achieved and more power
will be generated. There are numerous solar power tracking
models which are in use for improving the efficiency of solar
array. Multiple-axis solar tracking system use both East–West
and North–South axes for positioning the solar panel [15]. This
type of solar tracker is accurate in maintaining the
Figure 1. Local solar time.
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perpendicular profile to the sun all the time, even under sea-
sonal changes where there is slight change in the sun’s position
at sunrise and sunset [16]. However, it was stated by Senpinar
and Cebeci (2012:685) that two-axis solar tracker arrays have
the advantage of maintaining their position without being
affected by environmental conditions.
Generally, multiple-axis solar tracking systems have the dis-
advantage of high construction cost and high-energy consump-
tion due to energy required to run the rotating motors. The
positioning control of horizontal and vertical directions are
done by using two dc motors [17]. Furthermore, the cost of
maintaining the motors and control system is much higher in
multiple-axis tracking systems than the single-axis tracking pos-
ition systems. From a life cycle perspective, lowering the cost of
the system architecture will overcome this disadvantages.
The disadvantage of single-axis solar tracking system is that it
can tilt only in a single plane and wrong positioning may incon-
venience the solar panel. The use of multi-directional tracking sys-
tems overcomes this limitation. The movement of solar system
need to accommodate all positions relative to the motion of the
sun (East–West and North–South). However, in 2014, Iulia
Stamatescu et al. [18] described the motion of two-axis solar
panels as Azimuth angle (horizontal direction) and Zenith angle
(angle of inclination) [18]. The study findings showed that the use
of low power servo motors carefully designed to move the tracking
device hub substantially reduced the power required by the track-
ing system. Arduino board which belongs to a family of low-cost
control system was also found to be extremely energy efficient.
2.1 Development of the solar tracking system
Solar trackers are designed using a combination of hardware
components and Software control systems. The setup comprises
of sensors, comparators, microcontroller circuit, motor drive
circuit and electric motors. Basically, stepper motors or servo
motors are usually utilized. These are assembled and pro-
grammed to move the platform on which the PV cells are
mounted. The Arduino board model discussed in this study
eliminates some of these components. Figure 2 shows the sche-
matic diagram of how the tracking system operates.
The system was modeled using a power supply device, an
Arduino board, a servo-motor and Light Dependent Resistor’s
(LDR’s) which serve as light sensors for detecting the light from
the sun. The system is automatically driven relative to the sun
to achieve the MPP. The solar cells therefore maintain the per-
pendicular position (90 degrees) to the sun in the sky as the
tracking unit twist towards the perpendicular position.
The PV position control (LDR) is the mechanism controlled by
electric circuit to position the solar panel perpendicular to the sun
in the sky. The tracking system improves the efficiency of solar
panel by increasing the duration of radiant energy absorption.
Tracking the sun at the highest accuracy degree ensure that con-
centrated radiant energy is precisely absorbed by the solar panel.
The microcontroller is the decision maker that collaborates with
motor drive circuit, light sensors, motors for positioning the solar
panel support structure direct to sun light.
The LDR detect the light from the sun and are connected to
the comparator circuit. The LDRs are attached on the panel,
each on opposite direction to the other. The multiple-axis solar
tracking system use four (4) LDRs of which each pair is situated
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Figure 2. Solar positioning control system.
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at opposite direction to each other. When the solar panel has
been positioned perpendicularly, the voltages of all four (4)
LDRs will be equal. Unequal voltage generated by the sensors
lead the microcontroller to execute the directional change to a
new position in line with the suns movement. Figure 3 shows
how the sensors are attached on the multiple-axis solar tracking
system.
The comparator circuit compare the difference of the voltage
generated by Dependent Resistor (LDR) situated opposite direc-
tion of the other attached on the solar panel. The comparator
use the voltage divide rule to compare the voltage generated by
each LDR. The voltage divide of comparator is mathematically
calculated as:
= (
+
)V V Selected R
Selected R Dark R
5min
The resistance value of the LDR is inversely proportional to
the light. Increase in the voltage of any LDR triggers the com-
parator to inform the microcontroller where more sun light is
available. Figure 4 shows the relationship between the light and
resistance of the LDR.
The LDRs are connected to the analog input of the Arduino
circuit on the pin 23–26. The Arduino microcontroller
(ATMega328P) has its internal comparator that is used to com-
pare the difference of the voltages generated by the LDRs. The
comparator can be the non-inverting and inverting as shown in
Figures 5 and 6 below.
The inverting comparator has input voltage connected to the
inverting pin of the comparator and the reference voltage is
connected to the non-inverting pin of the comparator. The
non-inverting comparator configuration have the input voltage
connected to the non-inerting pin of the comparator with the
reference voltage connected to the inverting pin of the
comparator.
Microcontroller (ATMEGAR328) microchip stores and runs
the program memory for the operation of solar tracking system.
The microcontroller has the analog inputs that connects the
LDRs to the circuit, and the outputs that give the motor drive
circuit the direction of rotations. The microcontroller has 14
digital input/output of which six (6) was used as pulse width
modulator (PWM) and are analog inputs. It operates at the fre-
quency of 16MHz. One of the main advantages of Arduino
microcontroller circuit is that their circuit design has connec-
tions on both inputs/outputs connections which enables the
program installation to perform the required duty. This micro-
controller circuit is cheaper and minimizes time and electronic
circuits construction cost. The two (2) LDRs are connected to
any six (6) analog inputs pins used as comparators and the
motor drive circuit is connected to the output pins of the
microcontroller. Figure 7 below shows the complete microcon-
troller Arduino board used for carrying out experiment
Figure 5. The non-inverting comparator.
Figure 6. Inverting comparator.
Figure 7. Picture of Arduino board [19].
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Arduino also has the advantage of carrying out basic multi-
function without the use of many circuit diagrams and without
upgrading to Rasberry pi. The portable microcontroller has the
ability to drive any size of structure with its intelligent program.
2.2 Motor drive circuit and servo-motor (optional
circuit)
Motor drive circuit will only be applicable for driving the big
motor that need more power to rotate. The motor drive circuit
of L293D receives the signal for the microcontroller on which
direction the motor rotates. The L293D is a multiple high cur-
rent half-H driver that has bidirectional rotations. It operates at
the voltage range between 4.5 and 36 V dc. This circuit is
designed to drive high voltage/current loads.
The servo-motor form part of mechanical structure for posi-
tioning the solar panel to the desired direction executed by the
Arduino microcontroller circuit. The motors sizes are chosen
based on the torque and load to be driven to achieve the object-
ive of improving the efficiency.
2.3 Tests
2.3.1 Traffic light
In the experiment, 4W 300/400 mm red polycarbonate traffic
LED was used to measure the efficiency of solar panel. The
lights operate at the rated voltage of 12 dc.
Table 1. Data measured from fixed solar panel
Data collected from fixed positioned solar panel
Time Input (Photovoltaic panel) Output (LEDs connected to the Battery)
Voltage (V) Current (A) Power (W) Voltage (V) Current (A) Power (W)
05:00 0 0 0 0 0 0
06:00 21.5 0.122 2.621 5.4 0.003 0.0162
07:00 21.4 0.19 4.066 10.1 0.23 2.323
08:00 18.6 0.27 5.022 11.4 0.33 3.762
09:00 17.6 0.36 6.336 12.4 0.36 4.464
10:00 17.7 0.44 7.788 13 0.38 4.94
11:00 17.8 0.48 8.544 13.2 0.39 5.148
12:00 17.9 0.48 8.592 13.5 0.39 5.265
13:00 17.4 0.47 8.187 13.4 0.39 5.226
14:00 17.4 0.41 7.134 13.3 0.38 5.054
15:00 17.7 0.37 6.549 12.9 0.34 4.386
16:00 16.9 0.25 4.225 12.2 0.34 4.148
17:00 16.9 0.12 2.028 11.6 0.34 3.944
18:00 13.9 0.024 0.3336 6.7 0.002 0.0134
19:00 3.6 0.011 0.0396 3.4 0 0
Table 2. Data for tracked solar panel. Test results obtained from Laboratory tests of tracked panels
Data collected from tracked solar panel
Time Input (Photovoltaic panel) Output (LEDs connected to the Battery)
Voltage (V) Current (A) Power (W) Voltage (V) Current (A) Power (W)
05:00 0 0 0 0 0 0
06:00 20.2 0.22 4.444 11.2 0.289 3.2368
07:00 18.2 0.33 6.006 12.2 0.36 4.392
08:00 17.9 0.42 7.518 12.9 0.37 4.773
09:00 17.9 0.46 8.234 13.3 0.37 4.921
10:00 17.1 0.51 8.721 13.8 0.39 5.382
11:00 17.9 0.5 8.95 13.9 0.4 5.56
12:00 17.3 0.52 8.996 13.7 0.39 5.343
13:00 18.7 0.46 8.602 13.7 0.39 5.343
14:00 17.6 0.47 8.272 13.6 0.39 5.304
15:00 18.7 0.39 7.293 13.1 0.34 4.454
16:00 17.8 0.37 6.586 13.7 0.4 5.48
17:00 17.2 0.36 6.192 13.1 0.38 4.978
18:00 18.4 0.22 4.048 12.5 0.37 4.625
19:00 17.4 0.006 0.1044 10.1 0.09 0.909
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It is highly important to measure the efficiency of tracked
solar panel with reference to the stationary panel. The results
was validated by comparison of power generated by stationary
and tracked solar panel. Table 1 shows data gathered from a
stationary panel and Table 2 represents data gathered from
tracked solar panel.
2.3.2 Measuring of solar efficiency
Efficiency is measured by the comparison of power generated
by tracked and stationary solar panels. Mathematically effi-
ciency is the percentage of the ratios of output power into the
input power. In this case, power generated by the tracking sys-
tem was considered as the reference to measure the efficiency.
The graph in Figure 8 was used to compare the power gener-
ated by each solar system.
The tracked solar system has improved the efficiency of solar
panel. It is mathematical expressed as:
= ( − ) ×P P
P
Efficiency 100%tracked stationary
tracked
= ( − ) ×6.2644 4.7643
6.2644
100%
=Efficiency 23.95%
3 CONCLUSION
The study findings showed that the use of low power servo
motors carefully designed to move the tracking device hub sub-
stantially reduced the power required by the tracking system.
Arduino board which belongs to a family of low cost control
system was also found to be extremely energy efficient.
Multiple-axis solar tracking algorithm improved the power gen-
erated by the solar panel with an efficiency improvement of
23.95 %. The study concluded that it is highly important to
track the sun at a high degree of accuracy to improve solar
irradiation absorption. The developed algorithm has the advan-
tage of space savings compared to adding more solar panels to
improve energy generated. The use of Arduino board reduced
the system construction cost without depending on compli-
cated, costly and space consuming proprietary infrastructures.
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